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Experimental Procedures Probe Labeling and Sample Preparation for LC-MS Analysis
Mtb proteomes (1 mg protein) were treated with ATP-ABP (20 M), DMSO (no probe control), or ATPS (inhibition control, 1 mM). Following addition of ATPS, ATP-ABP (20 M) was added. All samples were incubated for 1 hour at 37°C. Following probe incubation, proteomes were treated with biotin-azide (36 μM), TCEP (2.5 mM), TBTA (250 M), and CuSO 4 (0.50 mM). The samples were vortexed and maintained at room temperature in the dark for 1.5 hours.
The samples were centrifuged at 11,600 × g for 4 minutes at 4 °C. The supernatant was discarded, and 400 μL of ice-cold methanol was added to the pellet.
The samples were sonicated on ice, vortexed, and rotated for 10 minutes at 4 °C. The samples were centrifuged again at 11,600 × g for 4 minutes at 4 °C, and the supernatant discarded. Ice-cold methanol was added again, and the sonication, rotation, and centrifugation repeated. The supernatant was discarded. The samples were then dissolved in 520 μL of 1.2% SDS in PBS, and probe sonicated for eight one-second pulses. The samples were then heated at 95 °C on a thermal mixer with agitation (500 rpm). The samples were centrifuged at room temperature at 6,000 × g for 4 minutes. A BCA assay was performed to determine sample concentration.
For enrichment of probe-labeled proteins, a 100 μL aliquot of streptavidin agarose resin (Thermo, 1-3 mg biotinylated BSA protein per mL resin) per prepared sample was placed in a chromatography column (Biorad) on a vacuum manifold. The resin was washed 3× with PBS, and transferred to a 15 mL tube using two 0.5 mL aliquots of PBS. To the tube was added an additional 1.0 mL of PBS. To each tube was added 300 μg of protein (in 1.2% SDS in PBS). The total volume of each tube was set to 3.0 mL, giving a final SDS concentration of 0.2%. The tubes were rotated end-over-end for 4 hours at room temperature.
Following streptavidin capture of probe-labeled proteins, the solution in the tubes was transferred into the columns on the vacuum manifold, and the solution removed.
The resin was then washed with 0.5% SDS in PBS (1 mL, repeat 3×), 6 M urea in PBS (1 mL, repeat 3×), MilliQ water (1 mL, repeat 3×), and PBS (1 mL, repeat 5×). The resin was then transferred to sealed 1.5 mL tube using two 0.5 mL aliquots of PBS. The tubes were centrifuged at 6,000 × g, and the supernatant discarded.
To reduce the disulfide bonds of the enriched proteins, urea (6.0 M) in PBS (400 μL) was added to the resin in the tubes with TCEP (5 mM), and heated at 37 °C on a thermal mixer for 30 minutes. Sulfhydryl groups were alkylated by addition of iodoacetamide (1 mM) with heating at 50 °C on a thermal mixer for 45 minutes.
Following alkylation the resin was transferred back to the column and washed with PBS (1 mL, repeat 9×) followed by NH 4 HCO 3 (25 mM, pH 8; 1 mL, repeat 5×). The resin was then transferred to a vial using two 500 μL aliquots of NH 4 HCO 3 . The tubes were then centrifuged at 6,000 × g for 4 minutes, and the supernatant discarded.
To obtain peptides for MS analysis, NH 4 HCO 3 (25 mM, pH 8; 200 μL) was added to the resin for each sample along with trypsin solution (2 μL; trypsin was reconstituted in 40 μL of NH 4 HCO 3 ). The resin solutions were heated at 37 °C with shaking for 15 hours.
Following trypsin digestion, the tubes were centrifuged at 6,000 × g for 4 minutes, and the supernatant was collected. To the resin was added NH 4 HCO 3 (150 μL), and the tubes were placed on a thermal mixer at 37 °C for 10 minutes. Again the tubes were centrifuged at 6,000 × g for 4 minutes, the supernatant collected, and added to the prior collection. The volatiles were then removed from the tryptic peptide solutions by speed vacuum. The dried peptides were reconstituted in NH 4 HCO 3 (40 μL), and heated for 10 minutes at 37 °C with mild agitation. The samples were then centrifuged at 53,000 rpm in a Beckman TLA 120.1 rotor for 20 minutes at 4 °C. From each sample was removed 25 μL, and vialed for subsequent MS analysis. Samples were stored at -20 °C until analysis.
LC-MS Analysis of Probe-Labeled Samples Utilizing AMT tag Approach
In brief, this approach utilizes tandem mass spectrometry to generate a reference peptide database (accurate mass and time tag database; AMT tag database) of observed peptides, their associated theoretical masses, and LC elution times (normalized). This database is utilized to assign peptide sequences to ion current (relative abundance) information of peptides measured using high-resolution, high mass measurement accuracy mass spectrometry (LC-MS). As part of this approach, unlabeled, probe-labeled, and inhibitor-pretreated probe-labeled samples for LC-MS analysis were analyzed using an LTQ-Orbitrap Velos™ (ThermoFisher Scientific, San (Kelly, et al., 2006) . The LTQ-Orbitrap Velos™ MS was operated using a heated capillary temperature and spray voltage of 200°C and 2.2 kV, respectively. Data was acquired for 100 minutes, beginning 65 minutes after sample injection (15 minutes into gradient).
Orbitrap™ spectra were collected from 400-2000 m/z at a resolution of 100k followed by data-dependent ion trap generation of MS/MS spectra of the six most abundant ions using a collision energy of 35%. A dynamic exclusion time of 30 seconds was used to discriminate against previously analyzed ions. Generated MS/MS spectra were searched using the SEQUEST algorithm (Yates, et al., 1995) against the publicly available Mtb translated genome sequence (www.ncbi.gov), and re-scored using the MS-GF approach (Kim, et al., 2008) . Identified peptides of at least six amino acids in length having MS-GF score ≤1E-10, which corresponds to an estimated FDR <1% at the peptide level, were used to generate an Mtb AMT tag database.
Orbitrap™ spectra were deisotoped using the software tool Decon2LS (Jaitly, et al., 2009 ), after which mass and elution time features were identified and matched with VIPER (Monroe, et al., 2007) to peptides stored in the Mtb AMT tag database within mass measurement accuracy and elution time accuracy cut-offs of <2 ppm and <2%, respectively. Measured arbitrary abundance for a particular peptide was determined by integrating the area under each LC-MS peak for the detected feature matching to that peptide. Matched features from each Orbitrap™ analysis (dataset) were then filtered on a false discovery rate (FDR) of less than or equal to 5%; the FDR associated with the AMT tag proteomics approach is calculated using STAC (Statistical Tools for AMT tag confidence), a statistical algorithm for assigning confidence to matched mass and elution time features (Stanley, et al., 2011) .
Relative peptide abundance measurements in technical replicates were scaled and normalized to the data set with the least information using linear regression in DAnTE (Polpitiya, et al., 2008) . Normalized peptide abundance values were then rolled up to proteins using RRollup (Polpitiya, et al., 2008) ; a minimum of five peptides was required for the Grubb's test, with a p-value cutoff of 0.05. Only peptides unique in identifying a single protein were utilized to estimate protein abundances. Additionally, proteins represented by <2 unique peptides were removed. Minimum values corresponding to one-half the minimal observed abundance value within data sets were imputed for missing values to allow calculations of ratios. ANOVA analyses were applied to protein abundance data sets (p-value ≤0.05) to identify statistically significant differences in protein expression levels.
To identify a protein as specifically labeled by the ATP-ABP, we required the following criteria: (i) the protein exhibits a significant difference across the probe labeled sample, and the two negative control conditions as judged by ANOVA (p<0.05), and (ii) the protein exhibits ≥5-fold more abundance in the probe labeled sample relative to both the no label negative control, and the inhibitor negative control sample.
Preparation and analysis of ATP-ABP labeled recombinant proteins
Purified proteins (30 μg) were labeled with ATP-ABP (20 M), vortexed, and incubated for 1 hour at 37 °C on a thermal mixer with mild agitation. After 1 hour, excess probe was removed by placing the sample in a 0.5 mL Amicon Ultra centrifugal filter (EMD Millipore, Billerica, MA). The sample was concentrated and washed 2× with PBS (200 μL) by repeated concentration in the filter unit to a final volume of ~30 μL. The labeled protein was denatured by addition of urea (8M), and the sample was incubated at 30 °C on a thermal mixer. The sample was diluted 10-fold with PBS, CaCl 2 (1 mM) added, and the protein was digested with trypsin at 37 °C at a concentration of 1 unit trypsin per 30 units of protein. To remove excess salt, the samples were centrifuged (10,000 × g) for 2 minutes to remove any precipitate, and the supernatant was purified through a 1 mL Supelco DSC-18 solid-phase extraction (SPE) column pre-conditioned in the following manner: the SPE column was conditioned 3× with methanol (1 mL), and equilibrated 2× with 0.1% trifluoroacetic acid (TFA) in water (1 mL). The sample was passed 3× through the SPE column, the column was washed 4× with 95:5 H 2 O:acetonitrile (ACN) containing 0.1% TFA (1 mL), and then the bound tryptic peptides were eluted with 80:20 ACN:H 2 O containing 0.1% TFA (1 mL). The samples were concentrated to ~30 μL in a speedvac, and the concentration was set to 0.2 μg/μL for subsequent LC-MS analysis.
Global Proteome Profiling for Structural Annotation
Mtb H37Rv whole cell lysate was prepared in PBS by French press as described previously (Mawuenyega, et al., 2005) . Additionally, whole cell lysate was separated into cytosolic, light membrane, and cell wall subcellular fractions by centrifugation (Mawuenyega, et al., 2005) . Three replicates of whole cell lysate and subcellular fractions were processed. Approximately 100 g of each sample type was treated with dithiothreitol (100 M), and incubated at 37 °C for 1 hour with agitation. To cell wall and light membrane fractions was added 1% CHAPS detergent prior to reduction. To alkylate reduced Cys residues, iodoacetamide (40 mM) was added and incubated at 37 °C for 1 hour with shaking in the dark. The samples were then diluted 10-fold with NH 4 HCO 3 (50 mM, pH 8.0), and calcium chloride (1 mM) was added. To digest the proteins, trypsin was added at a 1:50 trypsin:protein ratio, and incubated for 3 hours at 37 °C with agitation. Following digestion, the solutions were prepped for LC-MS analysis by passing them through a C18 SPE column, or for those containing detergent, a strong cation exchange column. Sample volumes were reduced by vacuum centrifugation, and peptide concentrations were determined by BCA assay. Each subcellular fraction was further separated into 25 fractions by strong cation exchange, and each fraction was analyzed by LC-MS. MS Spectra were analyzed by the bacterial proteogenomics pipeline using default values (Venter, et al., 2011) . Briefly, tandem mass spectra were searched by Inspect against a translation of the genome (NC_000962), and subsequently rescored with PepNovo and MSGF. Searches did not include any posttranslational modifications, but in accord with Inspect's searching paradigm did not require tryptic specificity. Each stop to stop open reading frame (ORF) was included regardless of coding potential. We concatenated decoy records by shuffling each ORF.
Significant peptide/spectrum matches (PSM) were those with an E-value of e -10 or smaller, which led to a peptide level FDR of ~0.1% (spectrum level FDR ~ 0.024%).
